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FIELD OF THE iNVENHON 

.nes jo various meth- 
ods da see or: selective suppression of stop cottons dur- 
s;ed on uss o; an 
aminoglycoside ssnilbiotk:. inclecll: methods for alterna- 
tive production of soiubie or membrane-bound proteins 
from the same 
and so ev 

BACKGROUND OF THE INVENTION 

[SOOZj While She artifcodons of aminoacy! transfer 
Ftfxtos ftR-vAst ex.ocydze sense codons, loading to the 

karyciic tRNAs with anticodocs that match any of the 

b'\ - % 0 " 

Translation terminate o«\ „ ^ enters 

the A site of the ribosome and is controlled essentially 
by the release factor eRF1, whose function is modulated 
by the GTPase sRF3 (Stansfieid, 1995; Zhouravleva, 
1895), Translation termination is norrosliy a highly effi- 
cient process. However, the misinoorporattori of an ami - 
no add at the stop codon, also termed suppression or 
transitional readthreugh, can be influenced by several 
parameters, among which the local sequence context 
surrounding the stop codon seems to play a major rote. 
The importance of the nucleotide immediately down- 
stream the nonsense codon has been assessed in in 
vitro translations! assays arid it has been confirmed that 
the actual translations! termination efficiency is strongly 
dependent on a tetranucisatide sequence (Manuvakho- 
vaetal.,2000). 

O'dV " ' " of 
aminoglycosides have long been known to interfere with 
the decoding center of the ribosomal RHA (rRNA). These 
antibiotics cause misreading of the RNA code and can 
aiiow the insertion of alternative amino acids at the site 
of a stop codon (Palmer et a;., 1978). Depending upon 
the dose, these drugs may inhibit protein synthesis. 
These observations have raised the possibility that dis- 
eases caused by nonsense mutations could be treated 
by aminoglycoside antibiotics. Some researchers have 
; n i ell t stares of 
' v evovto o 

ach nery to 

tr insists the full mRNA. and thus complement the mu- 
tation, Using cultured mammaHan sells, Burke and Mogg 
s Je antibiotics paro- 
osiore the synthesis 
of a In -srae proton from a mutant gene with a premature 

fibrosis transmem- 
b • ane conductance regulator (CFTR) protein in a ceil line 
- . } a >n in CFTR ^Bedweii et al., 

1987: Howard et at, 1996), A s> mslar study has been 



iions in mutant m:c:e exhibiting a premature stop codon 
in the dystrophin gene (Barton-Davis et al. , 1 889). These 
observations indicate that aminoglycosides ere efficient 
both in c 

s transiationai readthrough. 

[C0O4] US 2002/0088427 A1 discloses an inducible 
euharyof ic expression system In whiel ■ the expression of 
a deseed pane see be es::va;ed or deactivated at the 
level of gene translation ■« so an indu&it ssgm 

10 accomplished by Introducing a mutation into the coding 
sequent s of th-* t ? c ocrease 

or alteration of translation, e.g. a stop codon, and by con- 
tact 3 1 ssukaryotk « co 
of infers- si 

mutation, e.g. an aminoglycoside. 

!©®0§J WO 03/014361 discloses a method for sslee- 

traasiaiioi-al coupling of marker gene expression with 
gene of interest expression, resulting in two recombinant 

;r gens marks 
is e.g. a drug resistance gene or a reporter gene such 
as the GFP (green ffuorssoent protein} gene . The method 

ss od >v needs 

nism, e.g. a SECIS element (selenocystein insertion se- 
quence) to obtain insertion of the amino add seleno- 
cystein at an UGA stop codon, 
[0606] WO 03/099996 describes a method of selecting 

38 a cell producing a secreted polypeptide by providing a 
ceil population that comprises a cell comprising a heter- 
ologous nucleic acid encoding a secreted polypeptide, 
contacting the cell population with a compound that spe- 
cifically binds to the secreted polypeptide, detecting the 

35 binding of the compound to the secreted polypeptide on 
toe surface of the ceil, and selecting toe ee:: oases' upon 
the presence or amount of the compound bound to the 
secreted polypeptide on the surface of the ceil. 
J8087J WO 01/44518 discloses screening methods 

*o that involve suppression of a stop codon in an expression 
cassette that comprises a reporter peptide downstream 
of a polypeptide of interest. 

|088&] It has now been found that aminoglycoside an- 
tibiotics may be used to selectively obtain translafionai 

*5 readthrough fere.g, alternative \ \ , i , - \ 
membrane-bound or otherwise tagged or marked forms 
of a recombinant protein from the same vector. This find- 
ing has important implications for providing a variety of 
improved and advantageous methods for selection and 

so evaluation of cell oleosa or individual cells, ane' for eval- 
uation of protein expression, 

SUHSWIARY OF THE INVENTION 

ss {mm} in its broadest aspect, the invention relates id 

uiaied Readthrough", for screening or selecting cells ex- 
pt essmg a poi> ?s; as well as for produc- 



[0013] In a; 



gene o: interest and a se 
and an epiiope and further of 



; In one genera! aspect, the invention relates to 
meihod-s for onrse-ong or ss-lecting coils expressing s 
desired level of a poly peptide of interest, or for evaluating 
recombinant polypeptide oppression in a population of 



cod 

polypeptide of interest, a stop codon, ana a coding se- 
quence for a ceil membrane anchoring peptide. 
[081 1] A particular embodiment of this aspect of the 
invention relates to a method for screening or selecting 
ceils expressing a desired leva! of a polypeptide ofinter- 



■xpreeeion sasselle \ - s a first 
polynucleotide encoding a polypeptide variant at 
ieast one stop codon downstream of the first poly- 
nucleotide, and a second polynucleotide encoding a 
ceil membrane anchoring peptide downstream of the 

b) cultivating the cells in the presence of e iermina- 



c) using f ^ o select at least one eel 

the polypeptide variant fused to a cell 
anchoring peptide based on binding af- 
finity of said polypeptide variant to said ligand. 




Prsne-boand tagged polypeptide ftom a sins* cell or tei! 



? 



EF1 71 §233 81 



8 




of mature human F- 
afE-tag and S-teg; 



tr pCDNAS- 



ff pCDNAS- 



Figure 1 Hi \> 
MV-UAArVS. 

Fig v t1 shows \ s thsv 

5 * BP/. 

Figure 12 shows the results of FAGS sorting of con- 
trol CHO-K1 cells (A) sod CHO-K1 ceils transfected 
to express a FVIi-GPI fusion protein (B) using selec- 
tion base«\^ <msbtofi-- 
a! readthrough with G-418 in the absence of an an- 



Flflure 13 shows the results of a second round of 
FACS sorting of non-trsnsfected CHO-K1 sells as a 




This invention provides, in one 
that permits she efficient selection of eel! lines 
sing high levels of recombinant proteins by using 
icenca-Activated CeSi Sorting (FAGS, also known 



cells;, browed by a 5.; 



one of the three 
nous latranucie- 



- x v v ntnecon- readthrough is promoted and a subset of recon 
struct of Figure 3 (underlined + italics readthroi , ^ 
stop codon; bold: DHA and amino acid sequenc v 

the GPI anchor; italics: stop eodons). protein « aspi^; o s„daee of hos 

* \A end amino acid sequence so m wmbranfrart 

of the FVIi-UAA-GPI cassette (SEQ ID NO*), in- recombinant protein can be selected by FACS, A! 

eluding the csiive FVil signal peptide. In the con- sorting, ceils are cultivated in ihe absence of an 

struct of Figure 11 (underlined + italics: readthrough •> 

stop codon; bold: DNA and amino acid sequence of duc&xt of high levels of soluble recombinant pro; 

the GPi anchor; italics: stop codons). 0 \2 ] >d;me 

Figure 18 shows the DNA and amino acid sequence membrane anchoring signa! can be replaced by a 

of the iFM-UGAG cassette (SEQ ID NO:5), including er gene such as the Green Fluorescent Protein (G 

a synthetic signal peptide, in the construct of Figure an epitope tag such as the V5 epitope, in the pn 
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is promot- may b 



may be used interchangeably herein to refer to poiymers 
of amino adds w-to&to any of these terms being I > m - 
to an amino acid sequence of a particular iescph The 
terms "protein of interest" or 'polypeptide of interest* may 
similarly be ased interchangeably in -he present context. 
These terms are intended to include not only fuiHertgth 
proteins but also a g. tYagrsaste o; truncated versions, 
variants, domains, etc, of any gives protein or polypep- 
tide- otenliaPy. the tarsi "peptide" as used herein :aoktee; 
fuiM«r?gth proteins as weii as e 
given length depending on tee confer 

preseat invention may Pa any nopals 



y of polypeptides, e c 
5?s tepepfetevanant 
X polypeptide va; 




of interest th • * \ a - 



wn in the art One ( eferrec 
IsDNAshaffiingordireatec 
Curtemanetai. (;?00:) ton; 



(directly or Through a peptide linker) to for-r; a continuous 




(CD) ^u, . ' CD18, 

CD23, GD22, CD30, CD44, CD150 and their receptors, 
e.g., CD45R. 

pRHS] Antibodies for cancer immunothsrapeutk: 
id/or expres- 

5 v ; ; < ito Pan carcinoma 




to b id pro- 
teins involved in lipid homeostasis, such as Choissterol 
ester transfer protein (CETP), low density lipoprotein 




Lymphocyte ceil surface receptors and 11$ 
CD8G, CD8S, CD2S, and CTLA-4), A 
(e.g., LFA-1 , Pgp-1 , VLA-4, VCAM-1, iCAM-1, etc), in- 
terleukins and their receptors (e.g., \L~2, SL-2R, etc.), and 
other cytokines {for example, interferon-gamma, tumor 
necrosis factor, alpha interferon, transforming growth 
factor-beta, etc., as well as e.g. any of the cytokines listed 
furthe ' N sceptors, such as receptors 

for any of the cytokines listed further below. Also of in- 



tost Type II p 

pase A2 are a possible reagent in the treatment of myo- 
so cardial infarction, arid antibodies against fibrin have po- 
tential in the treatment of clotting disorders. 
[0348] Antibodies may also be used in the treatment 
of Infectious diseases, including those caused by viral 
pathogens, e.g., Herpes Simplex Virus, Herpes roster, 
35 Hepatitis A, 8 and C, Cyiaiomegalovirus, Respiratory 
synovial virus, sables, i-hjreso Pap:::oma V::';;;,, Varicella 
zoster, B19 Parvovirus and vln il agents c sing the com- 
mon ooid, among others. Also of interest is coevolution 
of antibodies against HIV, Including epitopes derived 
« from envelope proteins, and Including pi 7, gp120, 
gyp41, and p24. Antibodies can also be developed that 
are useful in the treatment of infectious diseases caused 
by bacterial agents, include;; eokitooecoi, {e.g., E, cos; 
veroioxini, BadihJi- psocyanous {nageii;;m) ; Pn®un<o- 
cystis * j trjtsugimsa, Staphyloco- 

ccus epidermidis, Clostridium difficile, Cryptosporidium 
sp,, Ps&udomonas sp., and tetanus. Candidates for the 
treatment - fungal infecaona incitxie ubsaaiioua heat 
shock proteins, e.g., the hsp90 of Canes d s 
which can be selected for high affinity binding, in spite of 
the limited antigenicity of the target antigen. 




noma. etc. can be isolated an:! 
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n:snop8:tid<si: C MNP. e.g., ranging from 10-60 m so <•!:: ,■■ 
[0858] Antibodies may e.g. be p 




Non-antibody polyp&jc 

[S0S1] - in the C3 
polypeptides, these cj 

i) a plasma protein 
system, such as ! 
Factor X, Factor 



ra> d fas tor 

ii) a 



Tbocyte protein, e.g. hae- 
nor platelet factor 4; 
irieukin such as IL-1 (e.g. 
IL-4.IL-5, iL-6, IL-S, IL-10, 
iL-11, IL-12. IL-13, iL-15. iL-16. IL-17, IL-18, iL-19. 
fL-20JL-21,iL-22,?L-23,8: 



iii)a 

IL-1«oriL-ip}, !L 



factor such as GM-CSF or G-CSF, stem ceil factor 
(SCF), a binding protein, a member of the tumor 
necrosis factor family {e.g. TNF-o, EymDhotoxirva, 
Fast, CO40L, CD30L, CD27L. 
., RANKL, TRAiL, TWEAK, LIGHT, 
TRANCE, APRIL THANK or TALL-1 ); 
iv) a growth factor, e.g . pMatot-dorivwl growth factor 
(PDGF), transforming growth factor o: (TGF-cs), 
, factor \i (TGF-p), epidermal 




t dAPP: amyloid s-olypepftfe pre- 
; : ; ?:v : : io;esrir;al peptide (ViP), pituitary 

touti-relstod pep-Ices or somsictfopiri- 
morses; or 

« of therapeutic protein or peptide such 
bombesin, bombesin -like- peptides, 
ng protein, soluble CD4, pigmer-taty 
mothi-lamc rales-sing feoio;, maiaaoi- 



a or :o the manufacture of products such 
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as m, lores household articles, persona! care erod- 
;ooa 3 c^j cts, in particular 
bai<ery orostecte feed products, or if; Industrial processes 
such as hard surface cleaning. The industrial polypeptide 
v v ^ \ - ^-ifiisxration to hu~ 

such as proteases, lipases or cufmeses, oxidoreduotss- 
es, such as :s , ;j and peroxidase, transferases such 
si tsaosgiutammases. isomerases. such as protein di- 
ouiphide leomerase and glucose Isomerase, cell wail de- 
grading enzymes such as ceiiulases, xyianases, pectP 
neses a s c e tzymes such as 

endoamylases, a a. aipha-amylases. or o m-> ,;^s^ 
e.g. beta-amyiases or amyfogiucosidases, ete, 

Regulgisd Resdthnough approaches 

[SSS3] The stop eodon, also known as a chain termi- 
nation coders, used ;n she m -ton may 
be any one or more of thro® codons, UAA, UAG and 
UGA, that signal termination of synthesis of a pfoieic. 
Although expression cassettes for use in methods of the 
invention will normally comprise on:y s smoie stop codon 
upstream of the coding sequence for the cell membrane 
anchoring peptide, reports' •- < or anti- 
biotic resistance gens, it is also possible to use a series 
of two or more stop codons, e.g. two or three stop codons, 
which may the seme or different. As will be described in 
more detail beiow, there is generally a very low level of 
stop eodon readthrough even in the absence of a chain 
termination agent. Depending on factors such as the nat- 
ural level of background readthrough for a given stop 
codon in a given construct and the aim of a particular 
selection method according to the invention, it may In 
some cases be desirable to use more than one stop co- 

Slmllcdy. nsadihfoucjh levels emu and without a lermlus- 
lion suppression agent may also be adjusted by selection 



dcwnsirean enceon 
readthrough levels. 

[0854] In addition to the possible use of multiple stop 

codons folio* te gene of in! 

advantageous to use multiple stop codons downstream 

peptide, reporter peptide, epitope tag or antibiotic resist- 
ance gene. The use of multiple stop codons in this posi- 
tion, e.g. up io shout ten stop codons, such up to about 
\ v. c ■ - i\ p codons, such as about two, three, four 
or five stop codons, will ensure < fficieni tern « - 
translation even In the presence of the termination sup- 
pros aion agent. 

N shoring peptide" 
refers to a peptide or protein that serves to anchor the 
polypeptide of interest to a cell membrane, either directly 



of indirectly indirect anchoring refers to situations in 
which toe ceil membrane anchoring peptide is not an- 
chored in tee con membrane itself, do- rather is indirectly 
attached to the lipid membrane bilayer as in the case of 
s s GPI (giycosyi-phosphatsdy nossoi; anchor Direct an- 
choring refers to situations if; wiech she ceil membrane 
anchor - p , ^ - ^ , 0 y c e - c 
to the lipid Plieyef of five memo ' :sx rfeiyps;: , emm 
are anchored to the ceil membrane via an anchoring pep- 
to fide will be displayed at the surface of the ceil and can 
thus be identified, e,g. by FACS, or alternatively by other 
methods such as other fluo c ; 3 methods. 
ELJSA or other affinity-based method's, or radioactivity- 
based methods. A preferred method is FACS. however, 
- - N * " 1 ic i ' \ \^ thdiaiiows 
rapid and efficient screening of very large ceii popula- 
tions. 

[DOSS] For pur poses of screening using e.g. FACS, the 
•ml: men -drone targeted signal is normally positioned at 
20 8*e COOH end of the protein fusion (downstream of the 
stop codon except where otherwise Indicated herein). 
Additionally, it is important that the soluble part of the 
protein (i.e. the polypeptide of interest) is displayed on 
the right side of the membrane (the extracellular side) for 
2S \ Vo 

preferred anchoring peptide is the GPI anchor, 
[08$?] Many different types of proteins such as en- 
zymes, receptors, protozoa! antigens and mammalian 
antigens in a variety of eukaryotic organisms have been 
found to be bound to the plasma membrane by GPi an- 
chors Cjkezawa, 2002). Numerous GPI anchor sequenc- 
es are known in the art, and the use of such GPI anchors 
for protein expression is described e.g. in WO 89/01041 , 
WO 90/12099 and WO 85/22814. An example of a suit- 
es abie GPi anchor for purposes of the present invention is 
the nancon picoemai alkaline phosphatase (HPAP) GPi 
o th the acq ence LEPTYCDLAPPAGTTDAAH- 
PGRSVVF ALU < ■, » ?3EO ID HQ 7) 

« scribed by Millars, 1986). 

fjOSSSS] An example of another anchoring domain suit- 

derived growth factor receptor (PDGFR) with the se 

LTHSLEiLlrVfLWQKKPR (SEQ ID NO:8) (Kawagishi et el. . 
1995). 

[8859 1 > t pre^ - en "od ^ j,,.,,, . . 

Activated Ceil Sorting (FACS). In the context of the 

sic profs * r % 
rapid sereeninu - 1 
in which toe ten jt»on$.t 

in iranslailonal readthroegfy c- only iuese calls clil ex- 
press she f ( 

form of a fusion protein comprising the polypeptide of 
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Interest one *he celt membrane anchoring peptide Once 
these cells have been identified by FACS, they can then 
e lured, in the absence of the termination suppression 
agent to result in production of the polypeptide of interest 
?.<; a - , x >. \ v cbonr-p peptide, 

s found th ere is a positi ve 
; Nation I ves 

cence, as determined by FACS, and soluble protein ac- 
tivity ie s - N OS - orting can be used in the meth- 
5 notoniy for qualitative analysis to iden- 
• -to but can actually 
be use ; quantitatively to icientitV o«ii« that impress 
levels of a given protein. It has further been found that 
the methods of the invention are advantageous for eval- 
uating heterogeneity of protsln express;;!;?-, :'.e. for iden- 

ying and selecting cells t 
a desired level and a desired uniformity of protein ex- 
pression, 

[8088] The term "reporter peptide" refers to a peptide 
or protein that may readily be assayed by suitable means, 
thereby allowing easy detection of fusion proteins com- 
prising a polypeptide of inters 

A number of different reporter peptides are well-known 
in the art and include green fluorescent protein (GFP). 
luciferase, p-galactosidase, ^-glucuronidase and chlo- 
ramphenicol acetyltrsnsferass (CAT), 
[0061] An "epitope Iso/' miens to a short amino acid 
sequence that serves as an antibody recognition site 
(epitope), allowing detection of a fusion protein compris- 
ing the polypeptide of interest end the epitope tag e.g. 
by means offluorescently labeled antibodies that bind to 
the tag. Numerous epitope tags are known in the art, and 



FLAG™ (DYKDDPDKG) 
PDYA) (SEQ ID NO:12),c 



SEQ ID NO-11), HA 
- 3EEDL) 



meg 



epitope top, thus .siiov> -g the polypeptide of interest to 
be displayed a; the c®n surface in the form of a mem- 
".sy be screened 

or selected not only by FACS but also via the reporter 
peptide ssr epitope tag. in this cssse, the stop codon w:=i 
be isjoale:;' downstream of the coding sm-aeerme fc;r the 
J I jptide of interest but upstream of the coding se- 
quences for the anchoring peptide and the reporter pep- 
tide or epitope teg. 

v . 1 ; roteins which in 
their native form are targeted to the plasma membrane, 
e.g. hormone receptors, the stop codon may be located 
downstream of the sequence encoding the cell mem- 



brane anchoring peptide but upstream of the sec ; - 
encoding the reporter peptide 
in the presence of art aminoglycoside results in a non- 
native fusion protein that can be sorted or seleo-ed o.g 

5 by FACS or affinity chromato y. iph .• ; n the basis of the 
reporter peptide, wh le e*p u s« nee of an 

aminoglycoside results n s "native--,, 
bound protein comprising the polypeptide of Merest The 
term "native-type" In this context refers to the fact that 

10 the fusion protein comprises a non-tagged form of the 
polypeptide of interest (where the polypeptide of interest 
may be a muiagenszed form of a "native" polypeptide) 
that is naturally targeted to the cell membrane. 
fWS4] In a further alternative embodiment, a polynu- 

,5 cteotide encoding an epitope tag or reporter peptide, in 
o --vsy be itx luded before the stop 
codon, with a polynucleotide encoding an anchoring pep- 
tide after the stop codon, to generate the following con- 
struct: gene of Interest-teg-STOP-anchor. In this case, 

zo the method is suitable for selecting ceil lines producing 

may e.g. be a His teg, a V5 epitope tag, or any of the 
other fags or reporter peptides listed above. 
[0065] The "termination suppression agent" is a enem- 
as leal agent which is able to suppress translations! termi- 
nation resulting from the presence of a stop codon. in 
particular, the termination suppression agent is an anti- 
biotic belonging to the aminoglycoside group. As ex- 
plained above, aminoglycoside antibiotics are known for 
so their ability to allow insertion of alternative amino acids 
at the site of a stop codon, thereby resulting In 
"reedthrough" of a stop codon that otherwise normally 
would result in chain termination. Aminoglycoside anti- 
biotics include 6-418 (Geneticln®), gentemiein (gen- 
35 tamycin), paromomycin, hygromyein, amikacin, kanarny- 
cm et -v. paromomycin, streptomycin 

10066] It will be understood by persons skilled in the 

stop codon readthrough. The degree of background 
readthrough varies somewhat depending on the partic- 
ular stop codon, inducing the tetranueteotlde context, 
5 n may also vary among different 

don arte termination suppression agent, me degree of 
franslational readthrough may be adjusted by varying the 
v , \ m 

These differences in background readthrough and in 
so franslational readthrough obtained with different stop co- 
dons and termination suporesslon aaents. mav m. used 



order to select combinations; o; temp £;oclor:s/tetran;x;ls;- 
otldes and ami>\\ 
ss s For exam 

UAA stop codon is lower than for the UGA stop codon. 
whiie higher translatlona: madlhrongn rates ere obtain- 
able using, e.g., G-4 i*5 wem, 
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nidase, Rhkomuoor 
, the TPh , — en and the AD hi 3 
ar purposes of the present in 



sioo of f r-e polypeptide. Ti 
mologous (e.g. be that r 
polypeptide m question) os 



any component identified in (1) or any composition of any 
20 such component; (3; s container for holding said at least 
one such component or composition, and (4) packaging 
mater a s Typica iv , me kitw istone com- 

ponent of ( 1 } together with instructions for use and a con- 
tainer and/or packaging materials. The Individual com- 
& ponents of the kit may be packaged together or sspa- 



A ceil or one [00S1] There is also disclosed herein the use of any 

lostceii. apparatus, component, composition, or kit described 

snt invention, above and herein, for the practice of any method or essay 

Itabis for pro- so described herein, and/or for the use of any apparatus, 

iing methods component, composition, or kit to practice any assay or 



invention is further i;i 



d by the ft 



n of pLantiS-PC-GPS, 

tnd pL&nti64»C-UGAC-GPi 




|00$31 To construct the pi.enSs-PC-GPi vector trigone 
1), a translations; fusion between sequences encodine 
human Protein C (PC) and the GPI anchor was amplified 
by PGR (polymerase chain reaction) using the primers 
TBO01 7 {5MSACCATGTG6CAGCTCACMGCC-3') 
(SEQ s " ^4 (5 AGAAGGGACAGTC- 

GAGGCTGATC) (SEQ ID NO: 17). A vector containing a 
fusion between the PC sequence and the GPI sequence 
(F:gc;e 14} v^ss used «s a tempiaie. The resuming PGR 
product was cloned into the vector pLenti8/V5-D-TOPO 
{Invitrogen} using -he procedure recommenced dy the 

vector, the pLente-PC-GPI vector served as a neonate 

the coding seque - o- ' W 

crs TBO077 , ^ ,V " o 0 

3') {SEQ ID HQ: 18) and TBO103 (5'- 

CAGTACGTGGGTTCC AGTTAAGGTGCC C AG C TC T - 
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TCTGGGGGGCTTCC-3'! iSEQ O NOG 3). in a second 
section, the GPS anchoring sequence was ampli- 
fied using the primers TBO102 (5- CCAGAAGAGCT- 
GGGCACC- TTAACTGGMCCCACGTACTGCGAC- 
CTCGC-3') (SEG ID NO20) and TBG104 (5- 
ATCAGCGGTTrAAACVTTGAGTATTAGTAG- 
G GAGGGGTAGOGG TTTCC-3') (SEG ID NiO'21;. The 
two raaGGic PGR products carva-d as GrapGiaa In a fu- 
sion - G \ ox ■ ■ • 1 ' ■> ' ' " • 

) < fragment was cleaved using 
#<a restricts arGariuciaasas Pst sax; Frne; and ligsiied 
into the vector pLentk" - - " , • .it the c 



GPf (Figara 2) TGs s-sf 

y fused to the GPi anchor se~ 
d a UAA stop codon between the coding se» 
s of the PC and the GPi anchor (Figure 15). Ad- 
>w the GPI anchor to ef- 




. - ** , v was; ua.G io transfect 

re a an J p ) o-;>igs. After 

iupernatente containing retroviral panicGs 
fed t ffef-$t- v 

ly used to infect GHO-K1 rails. CHO-K1 ceiis 
were selected for resistance to the BiaGGGG artUbobc 
at the concentration of 5 mg/i for 10 days. The resting 
pools; of BGsiiokiG-raaistan; cafe were transferred In-o 
8 culture flasks for each cell pool and grown to 25% eon- 
fluency. To induce translations! a »dt 
otic G-418 was sddad to " cu»ut% fiarsks at tinai con- 
g from 1 2.5 mg/l to 1 00 mg/i and flasks 
d for another 48 hours at 37°C. Cells were 
dfrorrs 'he flasks b >a anc ware in 

; n PC monoclonal antsbod- 
•e subsequently washed snd Incubafed.wfth 
i antibody (rabbit anti-mouse IgG, Physxv 
d (DAKO R 
Hyzeti by FACS for rr 



3 the pLa/m-UGAC-GPI vec- 
tempiate for 

it PGR re 
n PC was ai 
108 (5'» CAGTACGTGGGTTCCAGTC-AAG- 



HQ-22). in 3 

sequence was amplified sissing the primers TBO107 (5'- 
GCAGAAGAGCTGGGCACCTTGACTGGAAC- 
CCACGTACTGCGACCTCGC-3') (SEQ ID NO:23) and 
TBO104. The 
plates in a ft 
TBO07? 




va et aL. 2000). In contrast to the retroviral celi lines ex- 
pressing the PC-UAAC-GPI and PC-UGAC-GPI n 
PC-GPS rs 




ssion ve( o t ds cto ed 
r? vivo 

s pLentiS-PC-UAAC-GPl and 
pLanm-PC-UGAC-GPl wem used io transled 
. $F t ceiis (Invitrogen) using the Lipofedamine™ 
t. As a control, the 



Until now, selection of clones express.: no h 
teveis of reeorobsnar > > been a labo 

intensive task that typically limits the number of clones 
that can be analyzed to a few hundred. Furthermore, he- 
cause thee v . - t * ©does 
not dixctlv correlat* \ ?vs - sf mt 
gene of interest, most of 1 - ; express sat- 
isfactory recombinant protein levels, FACS-based sort- 
ing of ceils offers a high-througr 
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^ - ' . ores;!! - producing ve:'y 
protein levels, the retroviral vector pLtmm-PC-UAAC- 
GPI was used to trsnsfect HEK293FT cells using the 
■ 2000 (Invftrogen) transfection reagent. 
After 48 noun; supsmatants containing retroviral parti- 
cles were harvested, fiiter-sterliized to remove eel! debris, 
and subsequently used to infect CHO-K1 cells. CHO-K1 
•> - ^;<>nce to the Biasticidin antS- 

hksik at the concentration of 5 mg/i for 10 days. The re- 
s :i -\i s.. \-K of Biasticidin-resisiant ceils were trans- 
- - \ • :'s flasks and grown to 25% conflu- 
ency To induce translations! readthrough, the antibiotic 
6- ; 8 was added to one culture flask si the final con- 
v rt s v 0 ' ~>g/l and flasks were incubated for an- 
edx-; 48 hours at 3?°C. Ceils were detached from the 
hash's by trypssnlsation and were incubated with mouse 
as $ h so an ^ ! C monoclonal antibodies. Cells were sub- 
i and incubated with a secondary anti- 
; \ . )bHtan mouse IgG, Phycoerythrln (PEHabeled 
»AKQ G 9)) Labeled CHO-K1 cells were sorted 
u - . -iative fluorescence at 585 nm using a 

FAGS Vantage™ cell sorter (Becton Dickinson) and us- 
ing an exeftatton wave length of 488 nm. The results of 
presence of G-418 
areo\ns - •> e- 5* shows the results 

s . ed * - G 418. Cells exhibiting high fiu- 
e levels (gate P2. Figure 5B) or moderate fluo- 
eveis (c sure 5B) 



was performed by FACS. The results are p 
Figure SC, which shows the detector, of ;y 
cnoree' PC in CkGm :: 
fusion. 48 oboes :hs; exhibited low PC is 

s during FACS sorting 
PC lev* 5 b\ 

- of •'•'AC:-. anaSyais " ^ a - . - v ^ o- p- relative 
levels that were ob- 
served - - - . - „ 

i as high PC exp ; exuii ted hig e re 
;s •:•:;;: i pre - v 5 - - dons vvsrs sorted as 
low PC espressere. These results indicate that the FACS 
sorting slop was s 

brane-anchored PC m i v^m&M ceii sort 

Ing. 

20 {-rOC > sssess wnenx ; . ahon ; 

tween membrane-anchored (i.e. aminoglyeoside-in- 
dt!C8dreadlhrough5endsoiubie(!.e efeeot s-ansiation.. 
at termination after the PC sequence) PC ieveis, super- 
natents from 26 clones exhib^ingyersousrnesriPrarse-su- 
25 ohored PC levels were measured in an onsymatic-based 

PC assay. The results of this assay \ u rs 

6A. confirm -hat there a correction between ooiubki 
and membrane-anchored ?t - 
sion leveu >r\le<\J c c^e* o : ng h 4 . ■> 
-?s anchored PC levels {as assessed by FAGS analysis) ex- 
hibit high soluble PC levels wheress les exhsi g 
low membrane-anchored PC levels; exh 
soluble PC levels. FACS fluoresces levels soluble 
PC activity levels were plotted on s - 
35 confirm the correlation between :n» a 

and soluble recombinant protein expression levels (Fig- 
ure 68). Statistical analysis using a Pesrso >. * on 
test and assuming a Gaussian distribute 
there Is less then 0.01 % chance {P value 0.0001) that 
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v ^ . the FVH 
V t ■> dermal 
\ 0 * ^ - terminal serin© 
tanl mo sn Hie 

treatment ei henosiesis disorders, -he recombinant FVII 
protein Is produced in transgenic cells. However, in order 
50 obtain an active molecule, the recombinant protein 
must be produced in transgenic ceiis exhibiting post- 
b'ansistionai protein modification similar to the native 
c i. In contrast to bac- 
ten;?; or lunge nesmologoos prohuction systems, yields 
of recombinant proteins synthesized in mamrnaliart cell 
cultures are ofte? k srifh genome 

xofthstransgene Furl ern ^ nosr. mammalian 
ceil lines that ere ^ tor the heterologous expression 
of recombinant proteins hove special nutritions! require- 
ments, such as the addition of mammalian seritm (e.g. 
fetai bovine serum ~ PBS). Because such additives are 
ed concern about the pos- 
sible presence o; infectious agents such - retrovirus 
and prions. 

[01 04] initial production of recombinant cell lines is tra- 
ditionally performed in the presence of serum In the cul- 
ture medium. After the ist> ii " ■. s ^ wioing de- 
sired levels of recombinant protein, the dones must be 
adapted to serum-free growth conditions prior to the pro- 
duction of therapeutic pharmaceutical proteins. This is a 
very labor intensive task that limits the number of clones 
that can be processed. Moreover, many dorses do not 
achieve the desired recombinant protein expression lev- 
els after they have been adapted to serum-free condi- 
tions. We have developed a CHO-K1 call Sine that does 
not require the addition of serum in the culture medium. 
The adaptation to serum-free conditions was performed 
by progressive reduction of the FBS concentration in the 
culture medium over a period of time (data not shown), 
1 cell line (CHQK1-JRH325) is maintained in EX- 
CELL™ 325 PF CHO Serum-Free Medium (JRH325; 
JRM Biosciences), which is a chemically defined culture 

therefore free of lnieciioi;s agents The serum-tree 

line which exhibits a similar growth ^r 
CHO-K1 cell line. 

[01 mj To demonstrate that a recombinant gene ex- 
pression vector as disposed serein can be used for 
selection of mammalian ceil cio ^ ^ \ o \, o >. vV 

me retroviral vector pB2D5 was constructed (Figure 2'!}, 
This vector fiarbors a senslaslouei lesion between e var- 
iant of human FVIi (with -he ammo acid scos' 1 
P1 OQ, K32E, A34E, R3SE, T1 06N and V253N compared 
to wild-type human FVII}. a UAA step noden and tee GPs 

under the transcriptional control of the CrW promoter. 

i tn sd gene conferring 
V 1 The pB2Q5 pias- 
as i d to transfect CHOKK R 1325 « ; 



the i oC.v -dv. 6 'Roche Applied Science) , 
agent. The cells were selected for resistance to the Bias- 
ticidin antibiotic at the concentration of 2.5 mg/i for 10 
days The reacting pool of „ n ceils wa> 

5 party sjbjoctod k a cii^i v •> 

dure, partly to three rounds of transitional readthrough 
with FACS sorting according to the invention. 
fOtoSt The classical dilution procedure was aimed at 
seeding an individual ceil In each well of 98-weii culture 

10 plates. Cells were allowed to grow until the colonies cov- 
ered most of the culture v> 4 

mately 370 clones* s a first round of ELISA 
to select the clones expressing the highest levels of sol- 
uble FVIi, From these T'O clones, me 44 clones with the 
« highes s.< >T-f isksfor 

further growth and analysis (see below). 
P187] Alternatively, cells from the same original pool 
>. tor the 8; \ 

strud were treated with 100 mg/L Geneficln for 2 days 

20 to promote translations! readthrough. The ceils were har- 
vested and incubated with a rtybrWoma-produced anti- 
human FVII mouse monoclonal antibody (mAB) targeted 
against the EGF1 domain of the FVII protein. The ceils 
were subsequently washed and incubated with a sec- 

25 ondary antibody (rabbi! anti-mouse igG, Phycoarytbrin- 
labeied (DAKO R0438)). Labeled retroviral ceil lines were 
analyzed by FACS for membrane-anchored recombinant 
FVii using a FACSVantage™ ceil sorter (Becton Dickin- 
son) with an excitation wave length of 488 nm and an 

so emission filter of 585 nm. The cells exhibiting the highest 
fluorescent signal (best 10%; 1,000,000 ceils sorted) 
war;; scried end grown tmther 
[01 $8] The resulting sorted ceil population was sub- 
jected to a second round of Geneticin treatment and 

35 FACS-based enrichment in which the cells exhibiting the 
highest fluorescent signal (best 3.5%; 400,000 ceils sort- 
ed) were sorted as a pool and grown further. These cells 
were subjected to a third round of Geneticin treatment 
and FACS-based enrichment, with the cells exhibiting 

<?» the highest fluorescent signal (best 4%; 50,000 cells sort- 
ed) being selected for further growth and analysis. These 
ceils ware allowed to grow for a few days, after which 

ensure aiming a; seeding ar: individual can in each well 

the colonies covered most of the culture well area, after 
which the cells were analyse?; for recombinant soluble 
FVII protein levels by means of ELISA, Appro v 

dilution rfomrj; , 

first round of ELISA to select ;he clones expressing the 
highest levels of soluble FVIi. From these clones, 28 

ss 44 eta & cited dilution 

cloning were f mr „ „ 

unfit the cells covere . . r >. 

area, with regular medium replenishment. The ce« den- 



i.Thisal- [0111] To 
i of the specific productivity for each pression vet 
rf as pg of FVil produced per cat! daily « atteme 





PLEPR) (SEG i w ac d se- 

quence KETAAAKFf <Q ^ \) the 



details, and Figure. 18, 
ce of a wild-type human 
♦alpha 21b, aswell as 
enca details of the IFN- 
shown in Figure 18, the IFN-UGAG 
a DNA sequels encoding a syn- 
very high levels of fhetic signal peptide, the I FN sequence, the E-tag, the 
protein in serum-free culture eondi- S-tag, the U6A stop codort, the V5 epitope, and the GPI 
& anchor (SP-IFN-Eteg-Steg-UGA-V5-GPI). 

[0112] The resulting library is ;;sed to trarwfect 
live production of solubls or HEK293FT ceils using the Upatoctamin™ 2000 (Invito- 

sd recombinant protein from ft* gen) transfection reagent. After 48 hours, supernatants 



g(FACS)n 



the expression vectc 
iessiiy include a mm 



contain: 

so iized to remove cell debris, and used to infect CHG-K1 
ceils. CHO-K1 cells stably transfected with the library are 
selected for resistance to toe Blasticidin antibiotic at the 
concentration of 5 mg/l for 10 days. To induce transi- 
tional readthrough, the antibiotic G-418 is added to the 

& culture flask at a final concentration of 1 00 mg/l and the 
flask is incubated for another 48 hours at 37*C, The mem- 



FACS-b 
iting a d 



this stop codon. Since s 
artfai. this reduction in F,< 



3r membrane- 
jntrasttocias- 



ogy of the ■» * -5 -* to perform 



preferable to use libraries exhibiting higher loveis oi di- 
versity in order to erovlda a levei >>? diversity similar to 
thai of iibrshes th Sispiayed wit 
This is acceptable for most expression libraries. 
[0113] To further - 

playing detected l^-eis of ?r>ernbfan^- sncfw&d fusw 
protein, ihe same experiment may be repeated by cui- 
i " i ceils i the presence of about 2 mM sodium 



3d 
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PtPymta, which is often used to increase the expression 
levels of recombinant proteins {Gorman el ah. 1983). in 
the presence of both 6-418 and sodium butyrate, the 
poicectage d ceils displaying detectebla levels of fusion 
profo:; ■ is expected to increase substantially oyer she per- 
centage oofainod using G-418 alone-. 
[0114] The v. - roay e.g. be performed by sort- 

ing ae a pooi one million cells that ore pesliive for the V3 
epitope display (Abe Vo population' - ). If le o.<peoied that 
the ceiis win grow naiic. and that the sinwitteneous 
tmatemut oi' the ceils wish G-418 end sodium butyrate 
end the f-ACS slop will not effect the survival of the calls. 
The VS population is treated with G-418, then analyzed 

adi-Vs antibody. A Pish fraction of She population is ex- 
pected to exhibit detectable levels of recombinant 
telm as assessed by the fluorescence loved;. To investi- 
gap; ;he Isabii'm o; ;he va population to a soiubie, histidin- 
tagged truncated IFN receptor 2 (s!FNAR2-His5, the cells 

- displayed FN library may be 
d by using a combination of mouse fgG1 anti-His 

RFC-labeled mouse lgG2 anti-VS antibody Is used to 
assess the levels of recombinant protein fusion displayed 
at me celt surface it a. expected that a relatively high 
\ ■ , ; itags of the eelis that are pretreaied with G-418 

- exhibiting a relatively high percentage 
- nt 3 

clones'; are cultured in 96-weSS culture plates without 6- 

- ' onal termination and there- 
fore promote ihe production of a soluble IFNot-E-tag-S- 



iFNct-E-tag-S-Lag cPiu;ems. 

sm - - Evaluation of heser»ger*8% of recom* 
tanam proteUs expression m mil populations by 
FACS analysis 

0116 

malian v C s ;o! l\ . ms the isolation of 

donee producing stable recombinant protein levels 
throughout generations, unfortunately, colic derived 
from toe- same original donas often exhibit sdw.mci = 
venations in recombinant protein expression levels. This 
can result from various oaueos : such as genetic Instability 
or DMA methyiation. As a result, recombinant coll lines 
\"d1e and 

roust no discarded, in spite of their recombinant protein 
expression levels. 

[8117] To demonstrate that a recombinant pane ex- 
■> x - N vector ss disclosed tv&t&in car; be used :r- 



evaiuttoon of heterogeneity of recombinant protein ex- 
pression in cell clones, the retroviral vector pLenti6~PG* 
UAAC-GP! was used to transient HER203FT cere and 
produce retrovirus as described in Example 2. CHG-Kf 

s ceils were selected tor resistance to the Biastfcidin anti- 
biotic at the concentration of 5 mg/i for 1 0 days. To induce 
translations! readihrough, the antibiotic G-418 was add- 
3d to the I flask at the final cones ste 
mg/l and the flask was Incubated for another 48 hours at 

a- 37"0. Galls wem detached from the flasbs by ^ ; - , o 
tion end were sabsegueritly subjected to FACS sorting 
as described m edanmie 2. Individual cells were sorted 
hosed on iheir fluorescence levels In %-weil culture 
x ^ , >o . x t > - x- 

;p t vx x m a V Ci 

. te< ;i 3 < to 5 x a 
which the $ - ; 

culture well was assessed t;y microscopy. Plates wore 
incubated atSTC nod coil;; reacPeboodfoency end cells 

20 weresulwqu-^ 

we!! culture plaU ^ x x 
were grown to 25% confluency, after which fresh medium 

added to each well to induce . . : : ieadfhrough, 
25 Culture plates were incobat-N cm 1 A;>m > 





generations, because cells thai nave psrtlaiiy or toPPly 
lost the ability to produce recombinant protein oo 
grow faster than ceils expressing high ievels of reeom- 
45 binant protein. 

£61 IS] Additionally, FACS-baaed cell donirsg some- 

^ v S ^ N ^xx x \ x " N ^ 

taore than one call In each celi culiuro woii. Trie presence 
of multiple donas In Ihe same well Is generally assessed 

so by microscopy but is labor-intensive and may feed to in- 
correct eva» .no s i\n - \ - \ press 5 at 
least two different cell denes is presented In Figure SC. 
Indeed, two elei . ^ponding to ceii 

jopulatlons •> x ^ ths o\ o 1 

ss x ^ x x x x, n x - - - 

ceii populations may have arisen from failure at the f'ACS 
step, leading to the sorting of two cells In the same wall. 
Ahematveiy. it s. possible -hat the can ■> o' ex- 
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isven (FVsi) is ft 





e1. in order to avoid po: 

d and replaced by the UAAtrans- 
n triplet. The resulting DNA fragment is 



tesn from the same ceil, toe vector pCDNA&ARI- 
VS'rs constructed (Figure 10). This vector drives th 
pression of toe Adlpor?ectos receptor 1 (AdspoRI 



(Yamauchi et a\ 2003) ~ t 
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ing oenarefen o; cell Worn. vMs are 

' " ' > indues transla- 
tor G-418 is added to one 
jentra∨ of 100 mg/l, then 
•: ntubafrd for 46 hours. 3t 37<"C. Cells am 
sby 



"ker gens is often a very s 
origin thai is eonsfctufcveiy active. 




[0132] 48 clones ^ - : ^ \5 levels and 48 

clones that exhibit high V5 levels during FACS sorting 
is by means 

of FACS analysis. These re 

are observed during FACS sorting. It is expected that 
most clones that are sorted as high V5 expresses will 
exhibit higher recombinant protein level* fh * : on >s sha< 
are sorted as low V5 expresses. 
[0133] As a result, the present invention provides a 
high throughput {HIP} FACS-based method for the effi- 




[01 34] To obtai; 
protein of Interest, 
of an additic 

DNA vector used during 




[B13S3 

herein can be used for the selection of recombinant ceil 
PCRw 

TB0235 (5' AAGAATCTGCT- 
TAGGGTTAGGC6 3') (SEQ ID UQ:28} and TBO280 {§' 
CCTGCTATTGTCTTCCCAATCC 3') (SEQ ID NO:27) 
using the vector pCDNA 6~FV!i~UAA~GPI (see Figure 
1?) as a template. The resulting PGR product ertoom- 
ssed t C% promoter, the b-globin intron, the FVII 
she U.AA stop codon, the GPi anchor signal and 
the b-globin poly~adeny:af:on signal (Figure 11). The 
PGR product was purified and subsequently used to 
transited CHO-K-i ceils with ^ ^ 1 2000 (tov- 

itrogen) as described above. Additionally, a flask oc.-n« 
taining CHO-K1 cells was incubated with Upo~ 
, v ^ ^ * S\ visv \ v sontro 

Fm hours after transection, G-418 was added to the 
two culture fesks at a final concentration of 100 mg/L to 
promote transiational readthrough. 'f-vr ceils were de- 
ladies from the flasks osing Ceil Dissociation Solution 
(Sigma) e; -0 were incubated wiin mouuo one -hun-:;;*" :''V;l 
monodcnai antibodies. The cells subi-souontty 
washed and incubated with . secondary antibody (rabbit 
- — - igG, Phycoerythrltvlabeled (DAKO R0439}}. 
Labeled retroviral cell lines were analyzed by FAGS for 
membrane anebe s 
Vantage™ (Be n>« 

tation wave length of 488 rtm and a 
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a) providing a plurality of 
ccj'v-prising sn expression cassetf 
a first polynucleotide encoding a 
polypeptide, at least one stop 
stream of the first polynucleotide 
polynucleotide encoding a cell 
choriftg peptide downstream of the 



that allow expression of a fusso! 
prising the recombinant polypeptide 
membrane anchoring peptide, 




pressing a library of 



cs;!i membrane s 
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4, The method of any of the 



dsotido. and a second poiynaoi-mhde encoding 




9. A method tor siternssfeiy . \ 1} a \ v 
bound, ordagoed poiyoepside or ii) o - - 

.0 v " •> ^ 



5-} v ^ v - a plurality oi oLikaryoiio ccHo ? 

- } a exp ession assetfe c N 
a first poiynudeoiide encoding the polypeptide 
and a cell membr 



lis, A kit ssjitabie , pedorrdng, id;; rneshod of any of the 
preceding dams, comprising one or more of; {1} at 
least one kit component comprising an &• 
cassette as defined in any ofdaims 1-12; a cell or 
expression vector cxm-- <:r-: >;• i -oerssion cas- 
sette; , - s . ■. amibioii;:; ore composition 
comprising aUeast one such component, d.? ■ . ■. ■ 
tions for practicing a method ss defined in any of 
claims 1-14, instructions for us!r.g any component 
identified In (1 ) or any composition of any such com- 
ponent; {3} a container for holding said at feast one 
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it de kit comportant une cas- 
n telle que deftnle dsns i'une quei- 
1 a 12 ; une cellule ou 
n com ps 

arr^noglycoside ; ou 
composition comprenant au mains un tel 
; (2) des instructions permettani de rea- 
User un proa e , - e queiconque 




de :'!.;■•: e^cooq^; des compose 
en(1)oudetouiecon xssfcors Je 
de ces composants ; (3; conteneur i 
dft au mains un composarti 




12, Precede seion la revendication 9 ou 10, dans leqsjel 
Ie second polynucleotide code pour un marqueur 

V5, His! FLAG™ , HA, c-Myc, VSV-G et HSV. 



13. Prcte ^ > compre- 

nant les elapes eonsistant a eultiver urse lignee eel- 
lulaire obtenue par Ie precede de I'une queiconque *s 
des revendleelions precedents , dans txrx\ la if 
grv&e cellular <&si cuiSivs-:? ->n i aoeome d'un anti- 
biotiqo-s si:riinog:yc;5iid«: pourpsorietfeo rex&resi.ie-o 
du polypeptide, et a isoier iedit polypeptide. 



c U\ :n:hi end aaSion 13, dans laquel Ie 

poiyoeovc^ . un polypeptide soluble qui est secre- 
te dans un milieu de culture, et dans tequel ie poiy- 
peplide* est isoie depuis ledif milieu. 



Kit approprie pour 



ie precede seion I'une 
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Flgyrs 4 



„ 0-418 







R4:0% 






R3: 0% 




i 


R2: 0.5% 











/L G-418 10© r 

R3:0,1% 
R2: 7.3% 



R4: 0 % 
R3: 0.1% 
R2; 10.0% 
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FIgyre 6 

A 



| j" c= pc ac&vfty (control) 

I | t=3pACS analysis {relative mommenm} 




A9 C7B11 CS OSD12D1 A3E12Q4 FS F8G1085 H4 F1 03F1QE8 S8 FBF12H7 HI H6F11 

Clone 

left axis: Soluble PC activity (ng/mL) Right axis: Relative fluorescence 
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Figure 7 




Amp I? 



EP 1 716 233 B1 

Figure 8 




EP 1 716 233 B1 



FIgyre 9 




1 718 233 B1 



Figure 111 
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Figure 11 
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Figure 12 
A) Negative CHO-K1 control 
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Flgyre 14 (PC-GPI) 
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Figure 15 (POUMC-GPI) 
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Figure 16 (PC-UGAC-GPI) 
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FIgyra 17 (FVII-UAA-GPI) 
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Figure 18 (IFN-UGAG) 
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Figyre 111 
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Figure 20 
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Flgym 21 




Figure 22 (FVII varianf-UAA-GPf) 



121 
181 
241 
301 
361 
421 
481 
543. 
601 
661 
721 
781 
841 
901 
9 61 
IC-2X 
1GS1 
1141 
1201 
12S1 
1321 
13S1 



M V 5 Q A L R 
ATGGl'CAGCC &GGCCCTCCG 
& V F V T Q S 


LLC 
"CTCCXGTGC 
E A H 


L L L 
CTGCTCCTG 
G V L 


G L Q G 

a r a a 


C L A 
CTGCCTGGCT 
a A H 


™iil«uiAyKl UWl^USA^WWl-, J^iV^W^VWtsl-O <^^&U*UWMVi 


S r E E ARE 
AGCTTTGAGG A&GCCCGCGA 


I F E 
SATTTTCSAA 


DEE 


E T K L 
3 &AACCAAGCT 


F W I 


S Y S D G D Q 
AGCT&TAGCG ATGGCG&TCA 
D Q L Q S Y I 


CAS 
STGCSCCTCC 
C F C 


S P C 
AGCCG!FTGC 
L P A 


Q M G G 
F E G R 


S C K 
CTCCTGCAAA 
S C E 


GACCAGCTGC AGAGCTATAT 
T K K D D Q L 
ACCCATAAGG ATGACCAGCT 


1 C V 
SATTTGCGTC 


CTGCCTGCC 
NEK 


r TTGAGGGGCG 
G G C £ 


Q sr c 






CGCTGCCAC 


3 AAGGCTATAG 


GCAGTACTGC 


D G V S C T P 
GACGG3GTGT CCTGCACGCC 


TVS 


3f P C 


G KIP 
3 GGAAGATTCC 


I Ii E 
CATTCTAGAA 












B C P W Q V L 


L T, V 


S G A 


Q L C G 


G T L 


GAGTGCCCCT GGCAGGTCC? 

1 N T 1 » V V 
ATCAATACCA TTTGGGTCGT 


SCTCCTGGTC 

S A h 
STCCGCCGCT 


E C F 
CACTGCTTC< 


D K I K 
S ATAAGATTAA 


GGGG^CCCTC 

H *? a 


M L 1 A V L G 


E B D 


L S E 


H D G D 


E Q S 


A&CCTCATCG CTGl'GCTGGG 
a R V A Q V 1 


-ATICCCTCC 


ACCXATGTGC 




CGAAC^GTCC 


i A L Ii E I) H 
ATCGCTCTGC TCCGCCTCC& 
L P £ a TPS 


Q V V 
XAGCCCGTC 

e a x- 


S L 2' 
A&CCTC&CC 

It & F 
CTGGCTTTCC 


: CTGGCACGAC 

d a v v 

3 ATCACGTCST 

v a F S 

» fCCGCTITAG 


PLC 

L V B 
CCTCGTGTCC 


G K G Q LID 
GGCTGGGGCC AGCTGCTC&A 


R G A 


T A L 


E I, M V 
3 AGCTGATGGT 


1 N V 


P R L M T Q D 
CCCCGGCTG& TGACCCAGGA 
I T E Y MFC 


C Is Q 
OTGCCTGCAG 
A G Y 


Q S R 
CAGTCCCGC? 
S D G 


£ V G D 
i &AGTGC3GGGA 
S K D S 


S P S3 
CTCCCCCAAT 
C K G 


0 S G S S H A 


XCTGGCTAT 
THY 


a G T 


P CCA&GGMAG 
W Y L T 


G X V 


S W G Q G C A 
AGCTGGGGCC AGGGCTGCGC 


T V G 


h r g 


f GG3ACCTCAC 
V Y ? R 


V S Q 


Y X E W h Q K 


L H R 


C&CTXTGGCC 

S ' E P 
&6CG&&CCC( 


5 TCTAC&CGCG 
a F G V 


CGTCAGCCAG 
h L R 


A F F P * 1 S 
GCCCCTTTCC CXTAACSGSA , 


P £ Y 


C 3> L, 


A P A 


G ^ 2 


B A A H P G X 
Xi L £t X> £ £ A 


S ^ ^ 
» A i» 


S? A A 
* * * 


X. J? It L 


AGS 



EP 1 716 233 B1 




1 716 233 B1 




US 2002008842? A1 [C8C504] * WO 8901041 A [88573 

WO 03014381 A [0005] ♦ WO 9012099 A [00573 

WO 03099998 A [0808] * WO 9522814 A [0857] 

WO 0144516 A [0007] 
WOO 



BsdwsISsta!. Nature M( 
[£1 45] 

Barters-Davis et al. J C 
375-381 [0145] 



s Res,, 1995, vol. 13 



.,1983,vo!.11{21), 




Kozak. J Mo! Biol, 1887 vol 196(4) 947-50 [0145] 
n sf al. Cu/r Op/n Btotochnol., 2001 , vol. 1 2 
(61-70 [0145] 



Palmar st al. Mature, 1979, vol. 277 (5692), 148-50 
S8145] 

Stansfteld et al. EMBO J., 1 985, vol. 14, 4365-4373 
[SI 45] 

WhaSen et al. Curr Qpm Mo! Thsr., 2001, vol. 3 (1), 
31-8 [01453 

Yzmmchi «t al. Nature, 2003, vol. 423 (6941 ), 762-9 
[0145] 

) J., 1995, vol. 14 (16), 



